Iron is transported in the plasma in combination with a plasma protein, transferrin. Most of this iron is on its way to the bone marrow to be used for haemoglobin synthesis and will eventually appear in circulating red cells. Characteristic patterns of change in the serum iron levels and the total iron binding capacity (T.I.B.C.) are found in conditions in which the mechanisms of plasma iron transport and utilization for haemoglobin synthesis are deranged (Bothwell and Finch, 1962) .
Anaemia is common in coalworker's pneumoconiosis. In a large-scale survey of the population of the Rhondda Valley (Kilpatrick and Hardisty, 1961) it was found that when the data on miners and ex-miners were further analysed according to the x-ray category of pneumoconiosis, those with complicated pneumoconiosis had consistently lower haemoglobin and serum iron levels compared with the mean for their age groups (Kilpatrick, personal communication, 1967) . At the Medical Research Council Pneumoconiosis Research Unit over the past two years, the serum iron levels have also frequently been observed to be low in patients ' Present address: Department of Medicine, University of Cambridge.
suffering from complicated pneumoconiosis. These findings, however, are difficult to interpret without further studies of both the T.I.B.C. and the more dynamic aspects of plasma iron transport. In particular, they pose the questions, whether the pattern of change may be interpreted as one of iron deficiency or whether a defect in the mechanisms of transport or utilization may be involved.
The present report is concerned with studies of (1) serum iron levels and iron binding capacities;
(2) plasma iron clearance and transport rates; and (3) utilization of plasma iron for effective erythropoiesis. The results of these studies in patients with complicated pneumoconiosis are compared with results in patients with chronic non-specific lung disease.
Selection of subjects
The 39 men were miners or ex-miners with chronic lung disease in a stable state at the time the tests were made. Patients with congestive cardiac failure, purulent sputum or acute exacerbation of bronchitis within the preceding month were excluded from the study. (Caplan, 1953) Ramsay (1957a, b) . In order to minimize errors due to the circadian variations of serum iron levels, all samples were taken between 2 and 3.30 p.m.
Plasma iron clearance and transport studies were made in 20 patients, eight in group la and six each in groups lb and 2. The method used was a modification of that of Huff, Tobias, and Lawrence (1952) in which 5-10 ,tc. of 59Fe in the form of high specific activity ferric citrate (approx. 5 ,tc./,ug.) was injected intravenously. Six venous blood samples were obtained at approximately 20-minute intervals during the next two hours, and the radioactivity of the plasma was plotted against time on semilogarithmic paper. A satisfactory straight line plot was obtained in all cases and from it the half clearance time (Ti) was read off. All clearance experiments were made between 3 and 6 p.m. The clearance constant is the constant k in the equation Yt = Yoekt, where YO and Yt are respectively the radioactivity of the plasma at the time of injection of 5"Fe and a given time t following it, and expresses the proportion of plasma iron being removed in unit time. It is calculated by dividing the natural logarithm of 2 by the half clearance time in hours.
The plasma iron transport rate was calculated as the product of the clearance constant, the serum iron, and the plasma volume and expressed as milligrammes of iron transported per day per kilogramme bodyweight.
The plasma volume was calculated indirectly from the red cell volume which was measured by the 51Cr method of Gray and Sterling (1950) as modified by Mollison and Veall (1955) . A whole body: venous haematocrit ratio of 0 91 was assumed (Chaplin, Mollison, and Vetter, 1953) .
The percentage of the "Fe dose utilized for effective erythropoiesis was calculated from the total dose injected, the red cell volume, and the 59Fe content of red cells in a blood sample taken 13-15 days after injection. Radioactivity due to "Fe and "'Cr was separated by gamma ray spectrometry.
Arterial blood was sampled from the brachial artery and analysed for oxygen saturation in a Unicam spectrophotometer by the method of Deibler, Holmes, Campbell, and Gans (1959) .
Results
Mean values for serum iron, T.I.B.C., and serum iron/T.I.B.C. % for each group of patients are shown in Table 1 . Differences in means between groups were analysed for significance by applying Student's 't' test for small numbers.
In patients with chronic non-specific lung disease (group 2) the results were within the normal range for this laboratory.
When all patients with complicated pneumoconiosis were considered as a group, it was found that both the serum iron and the T.I.B.C. were significantly decreased but that there was no significant decrease in the serum iron/T.I.B.C. %. However, the situation was markedly different in the two sub-groups. The seropositive group showed a significant decrease in serum iron, T.I.B.C., and serum iron/T.I.B.C. %. The decrease in the serum iron was particularly marked, the mean value being only half that of group 2, whereas in the seronegative group the serum iron level was not significantly different from that of group 2, neither was the serum iron/T.I.B.C %, and only the T.I.B.C. was significantly decreased.
In the iron clearance and transport experiments, care was taken to exclude cases of secondary polycythaemia due to severe hypoxia, as this might be expected to influence iron metabolism.
Arterial blood oxygen saturation was therefore measured in all but one patient studied. In all cases where this measurement was made, it was above 85 %. In the one patient on whom this was not done, there was minimal disturbance of lung function only, and he was therefore unlikely to have significantly decreased arterial blood oxygen saturation. Furthermore, the results presented here on plasma iron clearance and transport have been analysed for correlation with arterial blood oxygen saturation and, in all the groups studied, the coefficients of correlation between these variables were not significantly different from zero.
Clearance graphs showing rates of disappearance (n,a = 8, nLb = 6, n, = 6) clearance constant was more than twice the normal value.
However, when the results of these experiments were expressed in terms of the total iron transport rate, thus taking into account the serum iron levels, no significant difference was found between the groups. In fact, the total iron transport rate was slightly (but not significantly) higher in complicated pneumoconiosis, thus the increase in iron clearance rate more than adequately accounted for the reduced serum iron levels in these patients. This relationship between serum iron levels and iron clearance is further shown in Fig. 2 , in which half clearance times are plotted against serum iron levels. A highly significant correlation was found between these two variables (r = 0-68, P < 0 001). Table 3 shows the results of experiments measuring the percentage dose of radio-iron utilized for effective erythropoiesis. The number of experiments was small and the results have not been subjected to statistical analysis. However, it is apparent that the percentage utilization was not reduced in cases of complicated pneumoconiosis. In all eight cases studied, it lay within or above the normal range and the mean value was higher than in the three cases of chronic non-specific lung disease studied. iw group.bmj.com on June 20, 2017 -Published by http://oem.bmj.com/ Downloaded from Serum iron and iron kinetics in coalworkers with complicated pneumoconiosis 69 Discussion Caplan (1953) first drew attention to the association between complicated pneumoconiosis, often with a characteristic radiological appearance, and rheumatoid arthritis. Recent work by Wagner and McCormick (personal communication) using immunofluorescence and other techniques also tended to support the view that some cases of complicated pneumoconiosis, with or without rheumatoid arthritis, had a background of immunological disturbance. Clinical manifestations of rheumatoid arthritis were very variable in the patients studied in the present series. In the seropositive group, arthritis of moderate severity was present in only three patients, minor symptoms and signs were present in a further five patients, while the remaining three patients had no arthritis at all. Although there is no direct evidence that the changes reported in this paper were due to an immunological abnormality, it is interesting to note that the changes were much more marked in the group exhibiting a positive serum rheumatoid factor. It seemed therefore appropriate to discuss these findings in relation to similar changes in rheumatoid arthritis.
Serum iron and T.I.B.C. The considerable amount of data on changes in these parameters in various disease states has been reviewed by Bothwell and Finch (1962) . Although it might be supposed from the finding of low serum iron levels that iron deficiency is common in coalworker's pneumoconiosis, the reduction in T.I.B.C. contrasts sharply with the situation in iron deficiency, in which the T.I.B.C. is consistently and often markedly elevated.
Iron metabolism and other haematological aspects of rheumatoid arthritis have been reviewed by Pitcher (1966) . The situation is complex. True iron deficiency undoubtedly occurs in a minority of patients. The factors involved include gastrointestinal tract bleeding as a result of corticosteroid and salicylate therapy, and the fact that many female patients belong to an age group in which iron deficiency is common. Defective iron absorption has also been suggested (Roberts, Hagedorn, Slocumb, and Owen, 1963) . However, there remains a large group of patients in whom the low serum iron levels cannot be attributed to iron deficiency. Richmond, Gardner, Roy, and Duthie (1956) found that tissue iron stores were frequently normal or increased in the presence of low serum iron levels. In general, the reduction in serum iron levels appears to be related to the activity of the rheumatoid process and the T.I.B.C. is normal or slightly decreased. This is a situation similar to thc present findings in complicated pneumoconiosis. The basic abnormality may well be a failure to mobilize tissue iron or a failure for plasma transferrin to bind the iron that is available, rather than a simple iron deficiency.
Iron clearance, transport, and utilization The increased plasma iron clearance rates in the presence of low serum iron levels may be interpreted as a compensatory phenomenon, ensuring a normal supply of iron to haemopoietic tissues. This finding, together with the normal percentage dose of injected radio-iron appearing in circulating red cells, clearly indicates that the red cell precursors are well able to utilize iron that reaches them fully bound to plasma transferrin. Erythropoiesis, as judged by the results of these experiments, is normal or slightly increased in cases of complicated pneumoconiosis. Similar findings have been reported in rheumatoid arthritis (Freireich, Ross, Bayles, Emerson, and Finch, 1957; Weinstein, 1959 
